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Detailed Description Text - DETX (4): 

Turning a burner up or down is accomplished by increasing or decreasing the 
flow rates of its fuel and air. Rqw Js directly relat ed to th esquare root of 
the pressure change or drop across its controlling orifices.. Therefore, the 
higher the available pressure the more the available turndown. Varying flow 
and pressure by varying the rotational velocity of the impeller also saves 
electrical energy. Blower horsepower requirements (and thus electrical energy) 
vary as the cube of the impeller rpm. In addition, the use of a high speed 
radial blower with axial flow discharge allows the use of a motor without its 
own cooling source and provides for a light weight compact unit necessary for 
an integrated burner assembly. The impeller is a high-speed impeller 110 
capable of an 9000 rpm rate of rotation. Due to its high rate of rotation, the 
impeller 110 can be small in diameter and yet still develop the desired 
pressure and move a quantity of air. This permits the impeller to be 
sufficiently small so that it can be incorporated into the integrated package 
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ABSTRACT 



An integrated burner system is disclosed having a fuel 
supply assembly including a fuel control for variably lim- 
iting the flow of fuel into the burner along with a discrete air 
control for generating a variable flow of air into the burner. 
The respective fuel and air controls are directed by a control 
system which operates these controls in order to provide and 
maintain a desired fuel-to-air ratio between high fire and low 
fire in response to a requirement for heat A multiple burner 
embodiment is disclosed in which a plurality of the present 
integrated burners may be used to create a multiple burner 
system which provides a greater degree of control and 
efficiency than that capable with previous systems. The 
multiple burner embodiment also eliminates the costly 
installation and maintenance requirements typically associ- 
ated with previous systems. 

14 Claims, 6 Drawing Sheets 
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INTEGRATED BURNER ASSEMBLY tioning control. These methods are directed by four basic 

types of fuel/air ratio control: fixed orifices, valve control, 

BACKGROUND OF THE INVENTION pressure control and flow control. 

The present invention is directed to the field of burner Fuel/air ratio control with fixed orifices requires a con- 
systems where fuel and air are combusted. Such burner 5 stant pressure upstream of the orifices to achieve the desired 
systems are particularly used in industrial processes where proportioned flow rates of the fuel and air. This type of 
high temperatures are required, e.g. the manufacture and control is for a single firing rate used with on-off control 
processing of metal, certain chemical processes and the like. On-off control gives the greatest possible turndown ratio but 

Id previous systems, air is typically supplied to the burner presents problems in temperature unifcemty at set point 

by a blower which operates at a constant RPM, supplying a 10 Such a system design must also be very complex in order to 

flow of air at a relatively constant pressure. The flow of air nwet safety requirements. 

is controlled by an air valve which reduces the air fiow to a Valve control of fuel/air ratio is achieved by use of 

level below that of the blower output by increasing resis- constant pressures and variable areas. A simple mechanism 

tance to the air flow. Similarly, a fuel valve is used to vary can be used to cause the opening of the two valves to vary 

fuel flow at levels below that of a constant supply maximum. 15 in proportion to one another. This requires that the valves 

During me initial stages of a thermal process, the burner have identical flow characteristics and the mechanical con- 
is commonly operated at high fire, Le. a high rate of heat nection between mem produces directly proportional move- 
input through combustion. At high fire, fuel and air are ment These two features are very difficult to achieve caus- 
combusted at respectively high flows while maintaining an ing the fuel/air ratio to match at only two points (high and 
air-to-fuel ratio slightly above stoichiometric, La die level 20 low) throughout the range and be either lean or rich at firing 
of maximum heat release. At stoichiometric combustion, the rates between them. Generally this type of ratioing is used 
air is supplied at a level sufficient to provide just enough with mechanically linked valves and with two-position 
oxygen to fully combust or oxidize die available fueL As a control in response to a temperature demand. Mechanically 
practical consideration, *^ichiometric M combustion is typi- linked valves vary the fuel and air simultaneously, 
cally operated at about 10% excess air above true stoichio- 25 Pressure control of fuel-air ratio is based on the principle 
metric in order to compensate far common fluctuations in that the resistance to flow downstream of the control valves 
the calorific value of the fuel and the ambient temperature is a constant in both the fuel and air lines of a burner system, 
changes in the combustion air. Therefore* if the pressures are kept equal or proportional. 

At high fire, a large heat input is applied tome furnace and ^ then the fuel and air flow rates will be proportional through- 
its load in order to quickly and efficiently raise the load out the whole range of firing rates. Unlike the previously 
temperature. At a later stage in the process, as the load discussed systems which work on constant pressures and 
begins to approach the set point temperature, the heat input variable areas, a pressure control system works with con- 
must be lowered so that the furnace and its load are not stant areas and variable pressures. It is common with this 
damaged through overheating. At this later stage, the burner ^ type of system to assign the air as the primary control 
operation is reduced to low fire. Le. lowering the rate of allowing the fuel to follow its lead. The components in the 
combustion The ratio of the rnaximum to the minimum heat air line necessary to allow the fuel to be the primary 
input rates is referred to as the turndown ability of the controlling medium are large, expensive and in many cases 
system. Modern furnace construction provides for minimal not available. Although this method can be used with two 
heat loss at operating temperatures, and so high turndown ^ position control it is more normally used with fully proper- 
rates are required for the combustion systems, Le., 10 to 1 tional temperature control. 

and greater. A very common type of pressure control method is the 

Two ways of achieving turndown are commonly used, pressure balance regulator system. The fuel flow varies as 

thermal and stoichiometric. During "thermal*' or "excess the pneumatic impulse to the regulator is changed. This 

air" turndown, the flow of fuel is reduced while the air flow 45 change is in response to movement of the input controlling 

is held constant, effectively lowering the fuel-to- air ratio. In air valve. The controlling air valve is always located on the 

this way. a higji excess air condition prevails. Since the outlet of the blower in multi-zone furnaces and usually in 

excess air is heated by the combustion, the released heat is single zone units, causing a waste of electrical energy. The 

"diluted " and the temperature of the gases issuing from the same waste occurs with air valves on the inlet to blowers but 

burner is reduced. Thermal turndown is not fuel efficient 50 not to the same degree. 

because the excess air effectively becomes part of the The fuel-air ratio controller of flow control systems 

furnace load. Thermal turndown is generally used when actually measures the air flow and the fuel flow and controls 

trying to maximize the heat transfer being done by conveo- one the fluids accordingly. The measurement of the flow 

tion. Turndown with this type of control can be very high. rates requires that a constriction such as an orifice or a 

The other method of achieving turndown is to perform 55 Venturi be placed in both the air and fuel lines. The pressure 
"stoichiometric" or "on-ratio" turndown in which gas and air differentials are transmitted to some controlling device mat 
are reduced by proportional amounts. Stoichiometric turn- adjusts the flow of either the fuel or the air to maintain the 
down is more fuel efficient since air is supplied at a rate dose desired fuel air ratio. This method is normally used in larger 
to the stoichiometric ratio for optimal combustion with the combustion systems where turndown is important yet the 
fuel, thus permitting maximum heal release (and thus work) 60 pressure needs must be kept low to ininimize the horsepower 
per unit fueL Stokmometric turndown is theoretically more requirements of the combustion air blower, 
efficient, but achieving large "on-ratio** turndowns is ctiffi- Flow control systems use proportional fuel/air ratio con- 
cult to obtain due to the mechanical limitations of the troL To mmimm the turndown capabilities of the compo- 
controlling and proportioning equipment and the stability Dents fuel Is used as the primary controlling medium. This 
limits of the burners. 63 is accornplished by having the air follow the fuel down in an 

There are basically three types of control which respond on-ratio mode to some stable repeatable point then locking 

to temperature demand: on-off, two position, and proper- it and continuing down with the fuel in an excess-air or 
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thermal tuntdowb mode This method gives tbc combination The most common multiple burner system uses the cross 

of high turndown and good fuel efficiency. connect regulator method of fuel air ratio control and is 

The disadvantages to this type of system is the cost of shown in FIG. IB. A common air supply 44 and conditioned 

installation, lyrical flow control systems are very piping fuel supply 42 is divided between a plurality of burners. In 

dependent requiring ample sizing to irrinmrire piping pres- 5 the air line common to all burners within a single zone of 

sure drop at high flow rates, symmetrical piping to insure control is a t em per a ture driven control valve SO and in the 

even distribution at low rates and long runs for the orifice or individual air line to each burner a shntoff butterfly valve 46. 

Venturi assemblies to insure as the flow changes quiet In single burner systems this valve is normally omitted 

repeatable signals are sent to the ratio controlling device. Li the fuel line common to all the burners is a pressure 

The most desirable type of control system is a flow 10 balanced cross connected regulator 52 impulsed by the main 

metered control system 1# as shown in FIG. lA t which combustion air. Variations to this include a separate regula- 

shows a single burner system. However; this type of control tor for each side and each level of burners within a zone. The 

can also be used with multiple burner systems. In this type individual gas lines to each burner 40 contain a shutoff gas 

of system* fuel is provided to the burner 12 by a utility fuel cock 56, a limiting orifice valve 6t for setting the gas flow 

supply 14 while air is supplied by a blower 16. Within each and an optional metering orifice 58 for measuring the flow, 

respective supply line, there are respective fuel and air 1 In addition, it is normal to have a pilot system 62 acting 

orifice plates 18, 2t which each establish a pressure drop ^ somxe of initial ignition for the main burners Such a pilot 

r^!^ astern is effectively a second and much smaller combustion 

^^J^P^^^^^J^ system, equal mimmber of burners to ^ 

pressure relationships. Pressure transducers 22, 24 are used ^l^s^ u„ ^ «,„ A -1 iZZIZ. 

to generateli^re^ of the respective fuel and 20 ^^T^^Z^ir^^ £LZ S 

air differential pressures. These signals are compared by a installed^ite own separate air and gas teaders. Spark plugs, 

control unit 26%vhich g^neralesTs^al wr^h\aries the l ^ noa transfonnere caW « are often used with these 

position of a control valve 28. This control valve 28 can 5VStcms especially if flame monitoring is used, 

control either the air or fuel flow in response to a variation The above -i ndicated combustion systems have many 

in the respective other flow. In this way. a mass flow system 2s shortcomings. Turndown is somewhat limited without added 

can be cither a "fuel primary** or "air primary" system. Mass horsepower for higher blower pressure. Turndown is also 

flow systems typically offer better ratio control and more limited because of the rnechanical limitations of the ratio 

economical turndown as compared with other control sys- controlling components. Such previous systems also have a 

tems - high installation cost due to piping requirements. Further, a 

In spite of its improved performance, the flow control 30 large number of such components require individual instal- 

sy stems still suffer from the same problems as the other latioiL Thus, such previous systems tend to be expensive and 

types of systems, especially wasted electrical energy. The time^iisuming to install and are limited in their turndown 

actual hc*sepwerrequircmem aKlirv^^^ 

the volume times the pressure developed divided by a 7 ' 

constant and by the tbeorctical horsepower requirement It is summary OF thp TKrviwrroN 

important to uiiderstand mat in any system with fixed SUMMARY OF THE INVEOTION 

downstream orifices, flow is proportional to the square root In view of the above-noted disadvantages encountered in 

^ ^i ll ^?* d S• 1 ? ier l^ reducing to fl™ to a burner prior systems, there is therefore a need for a burner system 

S SffiSSra ^n^th.sW^s of the typical^ 

power applied to the load is a function of the respective ^ There is also a need for a system which improves fuel 

supply pressures. Fuel pressure is supplied by the utility, but efficiency without sacrificing system turndown by incorpo- 

air pressure is generated by the customer's blower 16. rating on ratio and excess firing as the fuel needs to the 

Therefore, it is in the customer's best interest to maximize system decrease. 



There is also a need for a burner system which reduces 



blower efficiency in order to receive me best return on the 
operating expenses of the blower. However, a significant 

pressure loss occurs across the air orifice plate 2t, thus 43 electrical energy consumption due to the reduction of piping 

diminishing the blower's contribution to the thermal power control component drops. 

of the burner Other pressure losses occur across the varying, There is also a need for a burner system which reduces 

along each length of piping in the delivery system, requiring electrical energy consumption by incorporating a variable 

extra horsepower to overcome these losses. speed blower assembly which reduces the horsepower needs 

In the majority of industrial hearing applications, tern- so proportionally as fuel flow is decreased, 

rjeratore witformity of the load during toe heat up and h ^ ^ for A ^ system wriich reduces the 

soaking process is crucial Ito the^ quality of the product lb nttmber rcquiicd cc^rmonents by eliminating them or by 

acruevetrmuiuform^ incorporating them wimmtoe burner assembly, 

multiple burners systems are used to promote a more even _ ~ 7 J 

ternperaturc distribution. To further enhance this preferable „ Thcrc M "»° a **** for a system which eliminates 

condition, "zoning" is often added to the burner configura- the main and pilot combustion air piping and also the pilot 

tion. A oumber of burners are used to effectively divide die Pfrfog- 

furnace into smaller units or "zones" which are better able There is also a need for a multiple burner system which 

to overcome uneven heat losses and/or load configurations allows greater zoning control 

within the furnace. Zoning of conventional systems does There is also a need for a burner system which incorpo- 

require the addition of more components and hard piping for 60 rates a simpler and less time^iKimnng method of burner 

both the fuel and the air supply. Zoning also dictates that it set up and adjustment 

is desirable that the pressure upstream of each zone control ™ . . . . . _ 

valve remain constant and at ^maximum level while the ^ ^ mtegrated burner system m 

furnace is or*ratmg. The constant ur>stream pressure elimi- which the air and fuel supply dements are provided in an 

nates "hunting" of the other zone control values when one 65 y to install integrated package. 

changes its position due to a command from the temperature There is also a need for a burner system in which air flow 

controller. is varied in response to the fuel demands of the burner, thu s 
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permitting more precise burner control and increasing over- embodiment, incorporates variable speed delivery of the air. 
all burner efficiency. During operation, the integrated burner operates more effi- 

There is also a need for a multiple burner system which cientiy and consumes less power since the rate of air flow is 
requires a minimum of calibration upon installation, thus electronicalry varied in response to the rate of fuel flow and 
lowering installation costs. 5 ^ c he** requirements of the burner in order to maintain a 

The above and other needs are satisfied by the present ^snxd foel/air ratio, 
invention in which an integrated burner system is shown Referring now to FIG. 2, the integrated burner assembly 
having a fuel supply assembly including a fuel control for 1#0 includes a burner tile lt2, a fuel tube 104 and an air inlet 
variably limiting the flow of fuel through a fuel passage into Air is supplied to the burner 110. Air is supplied to the 

the burner along with a responsive air control for generating 10 burner from an integral high speed blower assembly 1*8. 
a variable rate of air flow into the burner. The air control is This assembly includes a silencer inlet cover, a housing, a 
directed by a control system which operates in a manner to small diameter backward curved impeller 110 and a 60 hertz, 
provide and maintain a desired fuel-to-air ratio. The control totally enclosed, air-over electric motor 112. The speed of 
system includes a control unit for varying the flow of fuel rotation of the motor 112 and in turn the impeller 110 is 
and thus air between high fire and low fire in response to a 15 controlled by a variable speed drive 134 running at the 
requirement for heat, thereby producing a desired rate of direction of the ratio controller. The impeller tip speed 
combustion. (related to impeller diameter) governs the pressure devel- 

Tbe control system of the present invention operates in b^er and the width at that speed determines the 

response to the temperature demands of the system PUd M vohune generated. Ttaete the mgher &esr^ed of the 
flow is measured using a fuel sensor which measures a 20 im P dlcr llf me ***** <Uamcter be for a given 
pressure differential across a metering orifice and generates pressure. 

a signal representative of the fuel pressure differential. Turning a burner up or down is accomplished by increas- 
Sirnflariy, air flow is measured using an air sensor which ing or decreasing the flow rates of its fuel and air. Flow is 
measures the pressure diflerential between the burner cham- ^ directly related to the square root of the pressure change or 
ber and atmospheric and generates a signal representative of <U *°P across its controlling orifices. Therefore, the higher the 
the air pressure differential. The control unit compares the available pressure the more the available turndown. Varying 
respective pressure differential signals in order to produce an A° w and pressure by varying the rotational velocity of the 
air flow rate which nfiaiiftain the desired fuel to air ratio in impeller also saves electrical energy. Blower horsepower 
response to the heat demands of the system. M rcxjuirements (and thus electrical energy) vary as the cube of 

The above and other features of the invention will become J* im P c H?' rom * *^on, the use of ahigh speed radial 
apparent from consideration of the following detailed b, P wer with axial flow discharge allows the use of a motor 
description of the invention which presents a preferred ** sourcc Md P™* 58 for a ^ 

embodiment of the invention as is particularly illustrated in weight compact unit necessary far an integrated burner 
The accorrroanying drawings. „ assembly. The impeller is a high-speed impeller 110 capable 

of an 9000 rpm rate of rotation. Due to its high rate of 
BRIEF DESCR I PTION OF THE DRAWINGS rotation, the impeller 110 can be small in diameter and yet 

still develop the desired pressure and move a quantity of air. 

FIG. 1A represents a single burner flow control type This permits the impeller to be sufficiently small so that it 
system, and FIG. IB represents a multi-burner pressure can be incorporated into the integrated package, 
control system, as are typically used with previous burner 40 Tbeirnpeller U0 is driven by an electric A.C. motor 112. 
systems. The motor 112 is preferably an AC motor capable of 

FIG. 2 is an oblique view representing the general con- producing the high rale of impeller rotation. The rate of air 
figuration of the integrated burner system as according to the flow is varied by varying the power to the impeller motor 
present invention. ^ 112. in response to signals from the control unit 132. Thus, 

FIGS. 3A and 3B show assembled and cutaway views of the power consumed by the impeller 110 is only that 
the backplate assembly as according to the present inven- necessary to directly supply the air to the burner In this way, 
tion. inefficient power consumption due to pressure losses and 

FIG. 4 is a graph depicting the relationship between air unwanted air volumes is decreased, 
pressure and fuel pressure as the burner is increased from so The fuel is supplied to the burner through the backplate 
low fire to high fire. assembly 120, shown particularly in FIGS. 3A and 3B, 

FIG. 5 is a flow chart giving the general operation of the which is integral with and attached to the back of me burner 
control system as according to the present irrvention. 10# The backplate assembly 120 includes a fuel access 

FIG. 6 is a schematic view showing a muhiple burner ^J?? 

package embodiment in accordance with the present inven- « Jf ^WSJ? * ^J^^ iS ^^ 
JT" by a ball valve 124. which is controlled by a control motor 

__ _ . ' ... . . . 126. The control unit 126 is a direct coupled 90° actuator 

FIG. 7 is a W«±diagram showing the operation of the mounted directly on the sfiaft 
ratio controller of die present control system. actuator has integral potentiometers and comparator circuits 

DETAILED DESCRIPTION OF THE » ^^^J^^^^^£^ 

PROTTTDDpn Kfcnu^nTMTTKiT signal. The auxiliary switches are used to prove the fuel 

PREFERRED EMBODIMENT cortrolling ball valve is fully closed prior to ignition of the 

The present i ntegrated burner solves the problems of such burner. The actuator at the direction of the customer supplied 
previous systems by providing an integrated burner assem- temperature controller rotates the ball 124 about an axis 
biy which integrates a burner and a mass flow control system 65 perpendicular to the fuel passage and the backplate. 
into one package. The burner section is integral with a The present invention incorporates an electronic fuel/air 
fuel/air ratio control system which, in the preferred ratio control system 132 which regulates the flow of air in 
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the correct proportion to the fuel in order to control the The ratio controller 132 also abets the implementation of 
combustion in the desired manner. Jt does this in response to flame supervision by including purge and low fire request 
signals it receives from sensors included in the burner circuits 192, 194 which accept start signals from flame 
assembly. During start-up the burner is ignited at Tow fire," supervisory equipment During a purge request, the purge 
a high excess air condition which produces a low level of 5 request circuit 192 disables the increase and decrease corn- 
heal but is ample enough to prov^ ^ signal to 164 166 ^ ^ ^ ^ pressure trackiiig alarm 168 
!^!Jf^^ m ^^ 8 ^^K^* Uft Udcd ^ ami the mcreasc speed cu^ 

detecting device 114, preferably a flame rod However, an ^efud motor cu^lwprelay 188 is depewcred, forcing 

"fi^* ™Z t*JZ°r the foci valve to its dosedor low fire 

pushed by allowing a small but adjustable amo unt of fuel to . . ™, MWW . nwi « um 

by^ m^3ing ball valve 'i^^Tover ^ io is se^ to the flame supervisory system by Ae auxiliary 

surface igniter" (USX) located in the air-filled fuel tube. The contact on the primary control motet During a purge 

HSI was energized only after all the conditions for a safe reo^ejst wtaapirrgearrfi^ 

start ignition sequence had been satisfied. air differential pressure as exceeding a factory set threshold, 

The operation of the control system 132 is shown gener- Spurge detect relay 184 is energized clc^mg a contact and 

airy by the flow chart of FIG. 5. The heat released by the 15 "S* 1 *"^ a P" 1 ^ LEJ> ' The low fire request circuit 194 

flame is measured with a temperature sensor (not shown) shn&y depowers the fuel motor current loop relay 188 

which is a component of the customer's furnace. The valve ca u s ing the normal ratio control sequence to bring the 

control unit 126 receives the temperature signal which blower speed down to the low fire setting, 

indicates a need tor more heat from the burner. In response. In addition, whenever the air differential pressure is 

the valve control motor rotates the ball valve 124 thereby 20 measured by the minimum air flow comparator 198 to be 

admitting more fuel into the burner. In the preferred embodi- above that set by the minimum air flow threshold adjustment 

ment the ratio controlunit senses the change and functions 196, the ratio controller 132 energizes the minimum air flow 

as described below. The control system is defined by a relay 186 closing a contact and hghting a flow detect LED. 

140. 144 are used to respectively i£asure gas and air circ** that ^ the system to operate, 

differential. The air transducer 144 uses the burner itself as Included in the bacfcplatc assembly 120 and located 

the akflowormcx. The differential rn^ "S"™ ^^^W^"" 

is that of burner body pressure to outside atnrapheric plate 142 with a calculated bore. The bore size 

pressures or that of the combustion chamber itself. While the 30 detetmmcs flow 81 & ycn pressure differential when 

chamber can be at atmospheric it can also be maintained at mc "P 5 * 5 ** pressure, tempertoeaiid calcic value of the 

any other desired pressure. The gas dffierential pressure ^el arc known. The fuel differential pressure transducer 140 



transducer 140 is across a machined concentric orifice plate 



with pressure sensing taps located on either side of die 



located upstream of the flow controlling ball valve 124 arifioc 142 reuses the changes in pressure drop across the 

within the bacfcplate assembly 120. _ orifice 142 as the fuel flow is other increased or decreased 

The signals from each transducers are first subject to ^ Mormatioo to the previously described ratio 

signal conditioning 160, 161 The gas differential pressure ^nmMter Ui 

transducer signal can be trimmed to correct for offsets and Ako located 011 thc backplate assembly is the air differ- 
gain differences between the transducers as well as minor ential pressure transducer 144 which includes pressure sens- 
machining differences in thc air and gas orifices between one 40 mg taps located across the burner body and atmospheric or 
burner and another. After scaling, the differential pressure chamber pressure. As stated above this transducer 144 closes 
signals are compared to each other in either the increase or the feedback loop to the ratio controller 132, indicating the 
decrease comparator circuits 164, 166. If the air differential corrective action taken by the variable speed drive 134 under 
pressure is lower than the scaled gas differential pressure by direction of the ratio controller 132. The variable speed 
an amount greater than that specified by the dead band 43 drive 134 is responsible for the rotational speed of the motor 
adjustment 190, the increase comparator 164 issues a pulse and uupeQcr which is mounted directly on the shaft of 
to the increase speed output circuit 170. Likewise, if the air ^ c motor * 

differenual pressure is greater than the scaled gas differential As has been inferred in early paragraphs, the rotational 

pressure by an amount greater than that specified by the dead speed of the impeller 110 is proportional to me volume of air 

band adjustment then the decrease comparator 166 issues a 50 produced; ix. the faster the speed, the greater the volume 

pulse to the decrease speed output circuit 172. In both cases produced. As can be seen from FIG. 4, as more heat is 

the width of the pulse is dependent on the magnitude of error required, the fuel increases from its minimum ignition 

so mat for small errors, only small changes in the speed of setting to its maximum flow rating. The air, which has been 

the blower are requested. Pulses are issued at a rate of about set at is minimum flow rating conducive with good burner 

100 Hz until the error is within the dead band 190. 55 light off, stability and excess air rate, does not change until 

The ratio controller 132 monitors its own performance via the fuel reaches a point where the ratio between them is 

a window comparator circuit The pressure tracking alarm close to stoichiometric, at which time they continue together 

circuit 168 monitors the air differential pressure signal and maintaining this fuel efficient condition. The precise air flow 

the scaled gas differential pressure signal If the difference necessary to produce this condition is done by regulating the 

between the two signals is larger than an amount set by the eo relational speed of the impeller 110. This is done at the 

tracking error alarm window 180 adjustment then a timer is direction of the variable speed drive 134 which is respond- 

started, If the timer is allowed to run for a time longer than ing to the input of the ratio controller 132. 

a time set by the alarm delay 182 adjustment men the coil of On initial bring up, the burner operates at "high fire" only 

the alarm relay is depowered and the alarm contacts dose, long enough to satisfy the requirements of the temperature 

lighting an alarm LED. If the two pressure signals come 65 controller after which it begins to throttle back or turn down 

back within the alarm window 180 the alarm and timer are to a lower firing rate, holding the set point and allowing the 

both reset load to soak out to a uniform temperature. Since within any 
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given batch or continuous furnace the load configurations, 
sizes and control temperatures can vary the turndown ability 
of the burners) must operate in such a way that without 
turning them off, they must supply only enough heat to 
maintain the control set point without overheating the load 
The present invention accomplishes this while maintaining 
a high degree of fuel efficiency. The present invention allows 
the input to be reduced to 20-25% of its maximum design 
rate before going into the excess air or thermal turndown 
mode. 

The present integrated burner requires less time and 
expertise to install With the present system, the blower, 
control valves and piping are eliminated* and so the pressure 
losses associated with these components are also eliminated. 
Since the air supply is controlled directly in response to the 
needs of the burner, air supply power consumption is 
matched to the burner demand, and so the integrated burner 
is more efficient and thus less expensive to operate. 

Toe present integrated burner can also be used in a 
multiple burner system which greatly simplifies the instal- 
lation of the system. As shown in FIG. 6, each burner is itself 
an integrated package, the only external supply system, 
other man electrical, being the utility fuel service. This is 
accomplished by removing the fuel input control motor 126 
from each shaft of the ball valve 124 and substituting a 
locking nut* allowing the open valve 124 to define the 
maximum fuel flow rate of the individual burner. The 
burners are connected to a common fuel supply manifold in 
which the flow is regulated by the demand of the tempera- 
ture controller. Each burner operates as described above. 
The fuel flow change is measured by the fuel transducer 140, 
and the ratio device, sensing the change in flow, directs the 
variable speed controller 134 to change the RFM of the 
impeller lit accordingly. The air flow transducer 144 
detects the requested change, thus assuring the ratio con- 
troller 132 that the flows of the fuel and air are within 
prescribed and predetermined limits of one another. 

The integrated burner installed in a multiple burner appli- 
cation allows for hitherto unknown flexibility in furnace 
zoning and temperature profiling within zones. Since each 
integrated burner in a single or multiple burner installation 
has its own controlled air supply regulated precisely in 
accordance with the fuel flow, the pressure losses accom- 
panying the use of orifice plates, control valves and piping 
have been eliminated The result is lower initial installed 
dectrical energy requirements and lower actual energy run- 
ning costs . Soil further, in the event of the clogging of a fuel 
line to a burner 100. the remaining burners would not be 
thrown off-ratio since the air flow control elements of each 
burner IN would compensate by adjusting the respective air 
flows to match that of the fuel flow, while discontinuing the 
air flow to the clogged burner. In this way, the furnace can 
operate without the compromise in performance which 
would have resulted from a comparable failure in a previous 
system. 

In its multiple burner embodiment, the present invention 
offers a burner control which eliminates installation calibra- 
tion expense and operating costs due to air pressure losses. 

The foregoing description of the preferred embodiment 
has been presented for purposes of illustration and descrip- 
tion. It is not intended to be limiting insofar as to exclude 
other modifications and variations such as would occur to 
those skilled in the art Any modifications such as would 
occur to those skilled in the art in view of the above 
teachings are contemplated as being within the scope of the 
invention as defined by the appended claims. 



10 



40 



We claim: 

1. An integrated burner system for combusting tworeac- 
tants comprising: 

a burner for receiving a first reactant and a second reactant 
5 in order to effect combustion; 

a flow control formed integrally with the burner for 
variably limiting and controlling the rate of flow of the 
first reactant into the burner in response to the demands 
of the system; 

a blower assembly formed integrally with the burner for 
generating a variable rate of pressure and flow of the 
second reactant into the burner; 
a flow control system for measuring reactant flows and 
!5 directing the operation of the blower assembly so that 
the variable rate of flow of the second reactant is 
generated in response to the rate of flow of the first 
reactant so as to maintain a desired fuel-to-air ratio. 

2. The burner system of claim 1 wherein the control 
20 system further comprises a first reactant pressure differential 

transducer and a second reactant pressure differential trans- 
ducer for respectively measuring the flows of the first and 
second reactants, wherein the control system directs the 
blower assembly to produce a variable rate of flow in 
25 response to signals received from the respective transducers. 

3. The multiple burner system of daim 2 wherein the first 
reactant is fuel and the second reactant is air and wherein: 

the first reactant transducer measures a pressure differen- 
tial across a metering device and generates a first signal 
30 representative of the fuel flow into the burner, said first 
signal is received by said control system; 
a second reactant transducer which measures the air 
pressure differential between the burner and atmo- 
spheric and generates a second signal representative of 
35 the air flow through the burner, said second signal is 
received by said control system; 
and wherein the control system compares the respective 
first and second signals in order to vary the produced air 
flow rate in response to the fuel flow rate so as to 
establish a raxdetermined fuel-to-air ratio. 

4. Hie burner system of claim 1 wherein the flow control 
includes a control motor which opens and closes a valve in 
response to signals received from the control system and 
wherein the blower assembly includes an impeller attached 

45 to a motor driven by a variable speed drive which rotates the 
impeller to produce the variable rate of second reactant flow 
in response to signals received from the control system. 

5. The burner assembly of daim 1 wherein the burner is 
a single burner system. 

50 6. The burner assembly of daim 1 wherein the burner is 
one of a plurality of such burners which are used in a 
multiple burner system. 

7. The burner system of daim 1 wherein said first reactant 
is gas fuel and the second reactant is air. 

8. A multiple burner system for combusting two reactants. 
said burner system comprising: 

a common reactant source assembly for providing a first 

reactant to be combusted; 
60 a plurality of burner elements for admitting the first 

reactant to each burner from the common reactant 

source assembly and combusting the first reactant with 

a second reactant, each of said plurality of burner 

elements further comprising: 
65 an adjustable flow control formed integrally with the 

respective burner dement, for controlling the flow of 

the first reactant into the burner, 
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a Mower assembly, formed integrally with the respective 
burner element, for generating a variable flow of the 
second reactant into the burner element; and 
a control system for measuring reactant flows and direct- 
ing the operation of the blower assembly so that the 5 
variable rate of flow of the second reactant is generated 
in response to the rate of flow of the first reactant so as 
to maintain a desired fuel-to-air ratio. 
9. The multiple burner assembly of claim 8 wherein the 
control system further comprises a first reactant pressure 10 
differential transducer and a second reactant pressure dif- 
ferential transducer for respectively measuring the flows of 
the first and second reactants. wherein the control system 
directs the blower assembly to generate a variable rate of 
flow in response to signals received from the respective 15 
transducers. 

It. The multiple burner system of claim 9 wherein the 
first reactant is fuel and the second reactant is air and 
wherein: 

the first reactant transducer measures a pressure differen- 20 
rial across a metering device, and generates a first 
signal representative the fuel flow into the burner, said 
first signal is received by said control system; 

a second reactant transducer which measures the air 
pressure differential between the burner and 
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atmospheric and generates a second signal represen- 
tative of the air flow through the burner, said second 
signal is received by said control system; 
and wherein the control unit compares the respective first 
and second signals in order to vary the air flow rate in 
response to the fuel flow rate so as to achieve a 
predetermined fucl-to-air ratio. 

11. The multiple burner system of claim 8 wherein each 
respective flow control includes a control motor which 
opens and closes a valve in response to signals received from 
the control system and wherein the blower assembly 
includes an impeller attached to a variable speed motor 
which rotates the impeller to produce the variable rate of 
second reactant flow in response to signals received from the 
control system. 

12. The multiple burner system of daim 8 wherein each 
of said plurality of burner elements is controlled by its own 
respective control system. 

13. The multiple burner system of claim 8 wherein each 
of said plurality of burner elements is controlled by a 
common control system. 

14. The multiple burner system of claim 8 wherein said 
first reactant is gas fuel and the second reactant is air. 

* * * * * 



